Wide Azimuth Towed Streamer (WATS) acquisition has already proved to be a key technique in improving seismic imaging, especially in complex areas such as sub-salt plays. In 2006, a WATS field experiment was conducted in a deep water area of the Gulf of Mexico. The main purpose was to challenge recently developed 3D processing algorithms and find the most suitable processing strategy for a wide azimuth dataset. The results indicate that a 3D shot based processing sequence is an effective solution that accommodates the effects related to the multi-pass acquisition method and realizes the full benefit of the recorded 3D wide azimuth wave field.
Introduction
Potentially, a WATS acquisition could provide enhanced subsurface features illumination and a step change in the quality of seismic images, especially in areas with complex 3D structures (Mitchell et al. 2006 ). Here we present results at some key processing steps from one experimental seismic dataset acquired in July 2006 in the deep water area of Green Canyon in the Gulf of Mexico (GoM). Also discussed are the new challenges that were encountered in this type of processing and the feasibility of an efficient super shot based approach through the project's lifecycle. This type of methodology can provide significant operational efficiency and possibly, uplift the end product's quality.
Field experiment purpose
The field trial involved one streamer vessel with six 9000 meter long streamers at 160 meter streamer separation and one source vessel equipped with an azimuthally isotropic large capacity airgun array. The experiment was aimed in acquiring a 30 km long 3D swath with a 180 degrees azimuth distribution for the receiver template. Figure 1 shows a comparison of the azimuth aperture of the receiver template for one conventional shot and one typical super shot acquired for the experiment. Shots were taken at a regular interval of 31.25 meters along a source line in both E-W and W-E headings. The source line was repeated several times with different streamer positions, which resulted at each shot location with an 18 km long and 5.7 km wide split-spread receiver template of crossline sampling 160 meters. In order to be able to decimate at the processing stage, we decided to achieve a significant portion of the 3D swath with an 80 meters receiver crossline sampling. By collecting multiple shots at the same location, we obtained super shot gathers with a receiver template of 72 streamers at 80 meter streamer separation. Figure 2 shows the acquisition scheme for the experiment. The acquisition scheme is made of 6 different tiles where each tile is shot 4 times; a first pass in one direction and a second pass in the opposite heading. Then the third pass and fourth pass are repeating the 2 first passes but with the 6 streamers interleaving with the previous streamers positions. Note that tile 6 is shot with the source of the streamer vessel whereas tiles 1-5 are shot with the source vessel. 
Processing solutions for Wide Azimuth data WATS Data: The processing challenge
The established methodology for narrow azimuth data for some key processes such as cold water statics, noise attenuation, data regularization, surface related multiple elimination and depth imaging needed re-evaluation and validation in the context of this new type of data. The way the data were acquired also presented additional challenges such as source matching and corrections for source positioning errors
The geometry of a super shot gather in Figure 3 illustrates potential complexities with the data. The composite super shot gather is obtained from 24 sail lines of 6 cables each, giving a total of 103680 traces in 72 split-spread streamers gathers. The composite WATS super shot is formed after minor corrections for source positioning discrepancies between sail lines. In practice, those positioning discrepancies did not exceed 10 meters and were corrected using a differential NMO correction.
Also notable for this dataset is the large variation in the cable feathering from one sail line to the next, leading to a super shot gather with significantly irregular receiver sampling. From this example we can draw two important conclusions: 1) Although the source position can be accurately controlled during a WATS acquisition, we cannot depend on a regular spatial receiver distribution. As a consequence, some of the current sail line based pre-processing will not be applicable.
2) Given the wide azimuth distribution within a super shot gather, the conventional processing sequence involving common offset cubes is also no longer applicable. We would have to adopt common offset-azimuth cubes or preferably, common inline offset -crossline offset cubes.
However, for both of these domains, a significant proportion of missing traces is expected due to cable feathering. Based on the previous considerations, we propose a shot record (super shot gather) approach, where the 3D nature of the recorded wave field is preserved in its natural 3D shot gather domain for the full processing sequence.
Pre-processing results
The shot based 3D noise attenuation solutions for random noise, impulsive noise, tug noise and seismic interference (Gulunay, 2004) were found to be effective for this data. The fact that the source and streamer vessels were decoupled for this acquisition did not present any special challenge. Figures 4 shows the results of the denoising process for one typical shot of the field experiment. A very normal occurrence in the GoM is a static shift between data acquired over a period of time due to variations in water temperature and salinity. This issue can be properly handled with tools already developed for 4D processing (Lacombe, 2006) . However, the field dataset acquired was found not to contain such static shifts, as shown in Figure 5 . This can be explained by the spatial homogeneity of the water column velocity over the test area. This observation was confirmed by in-situ measurements. Moreover, the test data was acquired during a 2-week period that did not leave time for significant seasonal water column modification. Data regularization plays a significant role in the migration process. Kirchhoff based methods depend upon the constructive interference of the migration operator at the reflector, and the destructive interference of the migration operator away from the reflector to build the image (Poole and Lecerf, 2006) . Whilst weights can be used to ensure that the amplitude at the reflector is preserved when acquisition geometry is irregular, it is more difficult to ensure optimal destructive interference away from the reflector. This results in what are commonly known as migration smiles which contaminate the migrated image. These "smiles" are residual energy from the tail of the migration operator which has not been cancelled out by destructive interference, due to the irregular acquisition geometry resulting in irregular spatial positioning of the operator. Making the acquisition geometry more regular promotes the destructive interference away from the reflector and results in a cleaner, smile-free image.
Processing solutions for Wide Azimuth data
The most commonly applied regularization process consists of bin centering the pre-stack data, i.e. shifting the common mid-points (CMPs) of the traces to centre of the bin. When applied on a common shot gather, this process consists of the interpolation of the recorded 3D wave field at receiver positions such that the CMP position for a given sourcereceiver pair occurs at the corresponding bin centre.
Figures 6 and 7 illustrate the quality of the 3D, shot based data regularization procedure on the WATS super shot gather.
Multiple attenuation results
Multiple attenuation is a key pre-processing step, and 3D Surface Related Multiple Elimination (SRME) has been widely adopted where complex multiple wave fields contaminate the data. The shot-based wave field modeling approach developed by Pica et al. (2005) lends itself naturally to a shot record WATS processing sequence. This two step approach consists of the generation of a 3D multiple model followed by an adaptive subtraction of the multiple model from the recorded data. Figure 8 illustrates how it is successfully applied for WATS super shot gathers with their large number of traces and large spatial extents. Figures 9 and 10 show the results on a near trace time section. 
Imaging results
Finally, a shot record wave equation imaging was performed on the WATS test dataset and compared with overlapping conventional narrow azimuth data. A common geological model derived from the narrow azimuth data was used to create both images. The comparison between the two datasets shows general similarities. The narrow azimuth data had the benefit of full aperture for model building and imaging, while the wide azimuth data is from a single shot line with limited cross line aperture (less than 5km) and irregular subsurface offset-azimuth distribution. The full potential of the wide azimuth cannot be demonstrated with this limited subset; however, its potential to provide improvement over narrow azimuth in illumination related shadow zones can be seen from the improved image quality of the base salt below the steep salt flank as indicated in Figure 11 . 
Conclusions
The nature of the WATS super shot gathers challenges current pre-processing practices, generally performed in the sail line or common offset volume domain, which would have to be applied to azimuth-sectored WATS data in several passes. However, to realize the maximum benefit of the full 3D wave field recorded in Wide Azimuth datasets, we propose a one-pass, 3D shot based processing sequence as an effective and flexible processing solution which will fully honor the 3D nature of the recorded wave field and properly take into account all the effects related to the complexity of the acquisition. 
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